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INTRODUCTION 
Two main approaches have been taken to assess the 
potential environmental impacts of xenobiotics on aquatic 
ecosystems. The first is chemical analysis which considers 
the transport and fate of chemicals from points of entry to 
points of disposition within the environment. While this 
approach is necessary for predicting the fates and exposures 
of chemicals within aquatic ecosystems, the second approach, 
toxicity testing, is necessary for predicting biological 
impacts (American Public Health Association 1989; Mackay et 
al. 1989; Maltby and Calow 1989). 
The most common endpoint for toxicity testing, used in 
over 80 percent of all studies in the past 10 years, is 
mortality, expressed as LD50 or LC50 (Maciorowski and Clarke 
1980; Maltby and Calow 1989). The remaining 20 percent of 
studies utilized sublethal endpoints, such as effects on 
growth, development, fecundity, morphology, behavior, and 
physiology (Maltby and Calow 1989). 
In the case of invertebrate constituents of freshwater 
ecosystems, sublethal endpoints are rarely assessed, mainly 
due to small body size. As an example, there is little 
information regarding neurotoxicity in freshwater 
invertebrates, because experimental access to neurons usually 
requires painstaking manipulation, such as microdissection. 
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However, since many industrial pollutants and agricultural 
pesticides are known neurotoxicants (Bercken et al 1979; 
O'Donoghue 1985), there is a need to examine sublethal neural 
effects of these chemicals on ecologically appropriate 
species. 
Oligochaetes offer a number of advantages in this regard. 
First, many species are important constituents of freshwater, 
benthic environments (Brinkhurst and Jamieson 1971). Second, 
oligochaetes in general offer unigue experimental advantages 
for neurophysiological study, due to the ease of noninvasively 
monitoring electrical activity of giant fibers that mediate 
the worm's rapid escape reflexes (Drewes 1984). Although this 
approach has been previously used to assess sublethal effects 
of toxicants on earthworm giant fibers (Drewes et al. 1988), 
there have been no attempts to develop comparable approaches 
to neurotoxicity testing in freshwater oligochaetes. 
In this study, sublethal neurophysiological effects of 
selected toxicants were noninvasively assessed in an aquatic 
oligochaete worm, Lumbriculus variegatus. Specific objectives 
were to; 1) quantify sublethal effects of different 
concentrations and exposure durations of selected toxicants on 
properties of escape reflex function (such as touch 
sensitivity and impulse conduction); 2) examine the 
reversibility of effects following acute exposures; and 3) 
relate neurophysiological effects to behavioral symptomology. 
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MATERIALS AND METHODS 
Animal Selection and Maintenance 
Features that make varieaatus (Family Lumbriculidae) 
especially suitable for toxicity testing include: 1) their 
cosmopolitan distribution in holarctic regions and 
introduction into Africa, Australia, and New Zealand 
(Brinkhurst and Jamieson 1971); 2) their benthic habitat, in 
which the anterior portion of the worm's body is burrowed in 
the sediment while the posterior portion extends upward into 
the water column for respiratory exchange; 3) their ease in 
laboratory rearing, maintenance and handling; and 4) the 
presence of well developed giant nerve fibers and associated 
rapid escape pathways, that are both vital for escape from 
predators and highly amenable for noninvasive 
electrophysiological testing before, during and after exposure 
to toxicants. 
L. varieaatus were obtained from asexually reproducing 
laboratory cultures in the Department of Zoology and Genetics, 
Iowa State University. Animals were kept in aerated aguaria 
containing natural sediments, at room temperature (21-23 °C) , 
and fed several times per week with trout chow. 
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Electrophysiology 
Large animals (at least 3-4 cm long) were isolated from 
rearing tanks 12-24 hours prior to testing and placed in petri 
dishes containing dechlorinated tap water to allow clearance 
of gut contents. Animals were visually screened for 
uniformity in segmentation pattern, so that any recently 
fragmented animals showing early stages of segment 
regeneration or any obvious morphological defects were not 
used. 
The techniques for noninvasive detection of giant fiber 
spiking activity in earthworms were described previously 
(Drewes et al. 1984; Zoran and Drewes 1987). Briefly, an 
eyedropper was used to place a worm, along with a few drops of 
water, next to a smooth band of plexiglass (4x1 cm) on a 
recording grid (Fig. 1). Excess water was removed with a 
pipet, thus trapping the worm in the surface tension along a 
narrow band of water between the plexiglass and electrode 
grid. Activation of the worm's medial giant fiber (MGF) 
system was by tactile stimulation delivered to the anterior 
end of the worm with the tip of human hair attached to a 
wooden applicator stick. Evoked spikes detected by two pairs 
of recording electrodes were amplified, filtered and displayed 
as two channels on a digital oscilloscope. Conduction 
velocity was calculated by dividing conduction distance 
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between electrode pairs by conduction time as measured on the 
oscilloscope screen (Fig. 2). 
MGF conduction velocity was measured from the middle 6 mm 
of each worm. In the laboratory colony used in the present 
study, mean MGF velocities in this body region typically 
ranged from 7-11 m/s. After obtaining pre-treatment 
measurements, worms were placed in lidless jars containing 
artificial pond water (one worm/jar) and post-treatment worms 
were then retested in the same way. For graphic presentation, 
mean absolute MGF velocities (calculated from four replicate 
measures/worm) were expressed as relative conduction 
velocities, relative conduction velocities being defined as 
the ratio of the mean absolute velocity before and after 
treatment. 
If giant fiber spikes could not be activated by touch 
sensory pathways, excitability and conduction velocity were 
studied using direct electrical stimulation, as described by 
Vining and Drewes (1985). Electrical stimulation was applied 
directly to the anterior end of the worm, with suprathreshold 
stimulus strengths ranging from 3-10 V (0.1 ms duration). 
Chemicals 
Five different toxicants, each representing a different 
chemical class, were chosen: 1) 4-aminopyridine, an avicide 
Recording of MGF spikes from untreated worm, 
(voltage scale = 50 juV; conduction distance = 6 i 
conduction time = 0.60 ms) 
9 
0.60 ms 
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for crop protection (Goodhue and Baumgartner 1965; Spyker et 
al. 1980); 2) cadmium chloride, a by-product of 
electroplating, manufacture of alkaline batteries, and liquid 
and solid stabilizer production (Hutton 1983; Eisler 1985a; 
O'Donoghue 1985); 3) carbofuran, a carbamate insecticide, 
acaricide, and nematicide (Eisler 1985b; Ware 1988); 4) 
chloroform, a constituent of pulp bleaching (Kringstad and 
Lindstrom 1984) and an industrial solvent (Howard 1990); and 
5) diazinon, an organophosphorus pesticide (Robertson and 
Mazzella 1989). 
Chemical Exposure 
Chemical solutions were made with double-distilled water 
the day of use. Exposure to all chemicals was via static 
immersion in 25 ml aliguots of chemical solutions (one 
worm/container). After exposure, worms were rinsed twice in 
double-distilled water and electrophysiologically tested. For 
recovery, worms were placed in 30 ml lidless jars of 
dechlorinated tap water and retested at times based on 
preliminary range-finding experiments. Control groups were 
subject to the same experimental protocols, but concentrations 
were zero. 
Range-finding experiments were done to identify the time- 
course and magnitude of sublethal effects caused by acute 
11 
exposure to each chemical. Based on these experiments, ranges 
for exposure time and concentration were as follows: 
4-aminopyridine - 0.1 to 100 ppm for 1 min to 4 h; cadmium 
chloride - 0.005 to 15 ppm for 10 min to 6 h; carbofuran - 3 
to 225 ppm for 1 min to 4 h; chloroform - 100 to 650 ppm for 1 
to 25 min; and diazinon 1 to 20 ppm for 10 min to 4 h. 
12 
RESULTS 
4-Aminopyridine 
Behavioral Observations 
Worms exhibited spontaneous, twitch-like longitudinal 
contractions of the whole body within 30 s after exposure to 
4-aminopyridine (4AP), at concentrations of 10 to 100 ppm. 
Each contraction resembled the behavioral response that 
normally accompanies a touch-evoked rapid escape withdrawal. 
Initially, these contractions occurred once every few seconds, 
but then appeared to gradually increase in freguency over the 
next 1-2 min. Continued exposure resulted in alternating 
periods of guiescence and twitching which persisted for up to 
96 h into the recovery period in worms treated with 50 or 100 
ppm (> 10 min exposure). In worms exposed to lower 
concentrations the sequence of behavioral effects was the same 
but with a delayed time-course. No mortality occurred with 
exposures less than 1 h and concentrations less than 50 ppm. 
Neurotoxic effects 
One abnormal but highly stereotyped effect of 4AP 
treatment was the induction of high-frequency trains of MGF 
spikes. Each train consisted of 3-5 spikes (700-950 Hz) with 
highly uniform interspike intervals, substantial dampening of 
spike amplitudes, and no accompanying muscle electrical 
13 
potential (Fig. 3). This contrasted with normal patterns of 
repetitive MGF spiking which showed more uniform amplitude, 
longer and more variable interspike intervals, and facilitated 
muscle electrical potentials. Abnormal spike-trains were 
evident in all 4AP-treated worms and usually persisted for 48 
h into the recovery period. 
In many treated worms, MGF "rebound" spikes occurred 
several ms after each spike-train (Fig.3). Rebound spikes 
were anteriorly conducted and clearly ectopic in origin (i.e. 
initiated posterior to the normal MGF sensory field), as 
indicated by the reversed direction of propagation and 
inverted waveform of the spike. Such spikes were not dependent 
upon concentration or exposure time and persisted for up to 96 
h in some worms. 
Treatment with 4AP also was accompanied by a 
hypersensitivity of the MGF system to touch. After treatment, 
this was evident (1) as an increase in the ease of evoking MGF 
spikes with very light tactile stimulation, and (2) as 
freguent firing of "spontaneous" MGF spikes, initiated in 
anterior segments, in the absence of experimentally applied 
tactile stimulation. These spikes correlated with the twitch¬ 
like longitudinal contractions exhibited by worms exposed to 
4AP. Such hypersensitivity did not appear dependent on 
concentration or exposure time and effects usually reversed by 
24-96 h of recovery. 
14 
Figure 3. Recording of MGF spikes immediately after exposure 
with 50 ppm 4-aminopyridine for 10 min. Arrows 
indicate spike tr^in; dots indicate rebound spike. 
15 
2 ms 
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In addition to effects on spike waveform and touch 
sensitivity, 4AP treatment also resulted in a decrease in MGF 
conduction velocity, evident immediately after the end of 
exposure. As shown in Fig. 4, the threshold concentration for 
this effect was between 10 and 50 ppm for a 10 min exposure. 
Effects of treatment with 100 ppm on MGF velocity were only 
slightly greater than those at 50 ppm. A partial and rapid 
recovery of this initial decrease in conduction velocity was 
seen by 6 h. However, this was followed by a second and 
larger decrease in MGF velocity and a slower recovery, 
requiring approximately 96 h for restoration of near-normal 
velocity. 
Effects of 4AP on MGF velocity were also dependent upon 
exposure time (Fig. 5). Although the initial decrease in 
velocity was evident for exposure times ranging from 1 min to 
1 h, the second decrease (between 6-24 h) was only evident for 
exposure times of 10 min or longer, indicating that its 
occurrence was not obligatory with respect to the first 
decrease. Again, nearly complete recovery occurred by 96 h. 
Cadmium Chloride 
Behavioral observations 
Within 1 min, worms exposed to 5 ppm cadmium chloride 
(CdCl2) reacted with brief episodes (30-45 s) of intense 
writhing and coiling. At lower concentrations (0.5 ppm) 
17 
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episodes were similar and lasted 2-3 min. This was followed 
by a general paralysis and stiffening of the whole body with 
only infrequent, weak movements in the anterior and posterior- 
most segments. Recovery from paralysis began within 10 min 
after removal from the solution, and apparently normal 
movements were evident by 12 h. Exposure to higher 
concentrations (> 5 ppm) for periods of 1 h or longer resulted 
in segmental autotomy and 100% mortality. 
Neurotoxic effects 
The most obvious neurophysiological effect of CdCl2 on 
escape reflex function was hyposensitivity of the giant fibers 
to touch. This effect was dependent upon both concentration 
and exposure time. For example, worms exposed to 0.5 ppm for 
10 min required the use of stronger than normal tactile 
stimulation to evoke a single MGF spike. Longer exposure 
(e.g., 1 h) to the same concentration (0.5 ppm), or shorter 
exposure (10 min) to a higher concentration (5 ppm), resulted 
in complete loss of touch sensitivity. In the absence of 
touch sensitivity, electrical excitability of the MGF system 
was tested by direct electrical stimulation. As seen in Fig. 
6, an MGF spike was readily evoked by a single electrical 
stimulus (3-10 V; 0.1 ms duration) to the anterior end of the 
worm. 
Despite hyposensitivity to touch, there was no effect at 
any time on MGF velocity. For example, velocity in worms 
22 
22 
Recording of MGF spike from a worm exposed to 5 ppm 
CdCl2 for 1 h. An electrical stimulus (3 V, 0.1 ms 
duration) was applied to the anterior of the worm. 
Abbreviation: st, stimulus artifact. 
23 
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exposed to 5 ppm for 10 min was 99% of pre-treatment. Since 
MGF velocity of electrically evoked spikes was normal, effects 
of CdCl2, likely involve pathways presynaptic (e.g. afferent) 
to the MGF. Loss of touch sensitivity was readily reversible 
and recovery was apparently complete within 1 h after the end 
of exposure. 
Carbofuran 
Behavioral observations 
Within 10 s after immersion in 75 ppm carbofuran, worms 
began a series of end-to-end convulsive contractions (i.e. 
shortening, coiling, and knotting) that lasted for 2-3 min. 
In some worms the contractions were accompanied by segmental 
autotomy. During continued exposure the contractions 
gradually subsided and worms became rigid and lethargic, with 
only infreguent and weak movements. At lower concentrations 
the same behavioral symptomology was observed but with a 
delayed time-course. In contrast to effects seen during 
exposure to other chemicals, behavioral effects of carbofuran 
treatment did not persist for the duration of exposure. For 
example, worms exposed for periods longer than 1 h showed 
signs of recovery (i.e. restoration of normal crawling 
movements). No mortality resulted from exposure to carbofuran 
at concentrations up to 225 ppm and exposure times up to 4 h. 
25 
Neurotoxic effects 
Exposure to carbofuran caused a decrease in MGF 
conduction velocity that was dependent upon both exposure time 
and concentration. As shown in Fig. 7, the greatest decrease 
in MGF velocity (reduction to 45% of normal) occurred after 
only 10 min exposure to 75 ppm; effects of exposure to 225 ppm 
for 10 min were not significantly greater. Interestingly, MGF 
velocity gradually increased to pre-treatment values despite 
continued exposure. To assure that such "recovery" was not 
the result of depletion of carbofuran from the solution, the 
same test solution was used to treat another worm for 10 min 
and the same effects on MGF velocity were observed. 
A similar recovery occurred within 1 h when worms were 
transferred, after 10 min treatment, to untreated water. 
During treatment and recovery periods there were no obvious 
effects on MGF touch sensitivity or spike waveform. 
Chloroform 
Behavioral observations 
When immersed in chloroform solution, worms reacted 
immediately with end-to-end, tonic, longitudinal muscle 
spasms. This was followed by nearly complete paralysis and 
prolonged body shortening during which worms became rigid and 
brittle. At high concentrations (500 ppm) this paralysis 
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occurred within 30 s and at lower concentrations (100 ppm) 
within 2-3 min. Recovery from paralysis began immediately 
after removal from the solution, but movements remained 
abnormally weak for several days. Exposures greater than 650 
ppm or longer than 25 min resulted in 100% mortality. 
Neurotoxic effects 
Due to especially rapid onset and reversibility of 
chloroform effects, short exposure times were utilized (1, 5, 
10, and 25 min), and post-treatment measurements were obtained 
by alternating 2 min testing and 2 min recovery periods. 
Worms remained on the recording grids during the entire post¬ 
treatment period. 
An obvious neurophysiological effect of chloroform was a 
reduction in MGF conduction velocity. As shown in Fig. 8, 
these decreases were rapid in onset, concentration-dependent, 
and reversible. For example, treatment with 500 ppm for 5 min 
initially resulted in a 35% decrease in MGF velocity, but full 
recovery occurred within 20 min. In contrast, treatment with 
650 ppm for 5 min resulted in a 50% reduction in MGF velocity 
and recovery after 30 min. 
Decrease in MGF velocity was also dependent on exposure 
time. Figure 9 shows that as exposure time was increased to 
10 min for worms treated with 500 ppm, MGF velocity decreased 
to 55% of pre-treatment values. These worms recovered within 
20 min while those exposed for 25 min recovered within 28 min. 
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In addition to effects on MGF velocity, chloroform 
exposure resulted in hyposensitivity of the MGF to touch. A 
temporary, but complete loss of sensitivity occurred with 
exposures greater than or equal to 500 ppm and exposure times 
longer than or equal to 10 min (Fig. 9). As with CdCl2 
treatment, direct electrical stimulation was used to test for 
MGF electrical excitability (Fig. 10). In worms exposed to 
650 ppm for 5 min, electrical excitability of giant fibers was 
lost for the initial testing period (Fig. 8), but within 8 min 
this was restored, and within 10 min touch sensitivity 
returned. Taken together, these results suggest that 
reductions in MGF velocity are due (at least in part) to 
direct effects of chloroform on giant fiber electrical 
excitability. 
Diazinon 
Behavioral observations 
Worms were hyperactive for the first 20-30 s after 
immersion in a 10 ppm diazinon solution and then exhibited 
twitch-like longitudinal shortenings of the anterior end, 
similar to touch-evoked escape responses. This was followed, 
during the next few minutes, by intense whole-body 
contractions and coiling. However, by 5 min after immersion, 
worms became lethargic and only infrequent, jerky movements 
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Figure 10. Recording of giant fiber spikes from a worm 
treated with 500 ppm chloroform for 5 min. An 
electrical stimulus (5 V, 0.1 ms duration) was 
applied to the anterior of the worm. 
Abbreviation: st, stimulus artifact; MGF, medial 
giant fiber spike; LGF, lateral giant fiber spike 
35 
St 
2 ms 
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occurred in the anterior end. Treatment with lower 
concentrations (5 ppm) resulted in a similar sequence of 
behavioral effects except that onset of symptoms was delayed 
by several minutes. Recovery of normal behavior, following 
all sublethal treatments, required 1-2 h. Exposure to 20 ppm 
(4 h exposure) caused 100 % mortality. 
Neurotoxic effects 
The most obvious effect of diazinon on MGF activity was 
an increased tendency for repetitive MGF firing in response to 
tactile stimulation (Fig. 11). This firing differed in 
several ways from that in worms exposed to 4AP: 
(1) spike frequencies were lower (250-400 Hz); (2) dampening 
of spike amplitude was less evident in each series of spikes; 
and (3) the number of spikes and interspike intervals in each 
series were more variable. 
One similar effect of diazinon and 4AP was the frequent 
generation of single or repetitive "spontaneous" MGF spikes. 
As with 4AP treatment, these occurred in the absence of 
experimentally-applied tactile stimulation. 
Diazinon treatment also resulted in concentration- 
dependent and duration-dependent decreases in MGF conduction 
velocity (Fig. 12). The greatest reduction (51% of pre¬ 
treatment MGF velocity) was seen in worms exposed to 20 ppm 
for 1 h, while exposure to 1 ppm had no effect on the MGF 
velocity. Recovery in MGF velocity was rapid, occurring 
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Figure 11. Recording of touch-evoked MGF spike-train frc 
worm treated with diazinon (10 ppm for 4 h). 
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within 1 h in all worms except those exposed for 4 h 
ppm; in these, recovery occurred by 24 h. 
42 
DISCUSSION 
The results of this study, as summarized in Table 1, show 
that the aquatic oligochaete, L^. varieqatus. exhibited a 
unique combination of acute, sublethal, neurotoxic effects 
when exposed to each of the five selected chemicals. These 
effects were qualitatively defined with the exception of MGF 
spike conduction, which was readily quantifiable as changes in 
conduction velocity before and after exposure in each worm. 
The time-course of these neurotoxic effects generally 
correlated with the time-course of behavioral effects and, in 
some cases (e.g., exposure to 4AP or diazinon), some overt 
behavioral effects apparently were directly caused by 
spontaneous giant fiber activity. Thus some of the 
neurophysiological effects were at least as sensitive to 
toxicant treatment as overt behavioral ones. 
The different combinations of sublethal neurotoxic 
effects resulting from exposure to each compound presumably 
reflect fundamental differences with regard to sites and 
mechanisms of toxicant action. Rapid onset of effects on 
giant fiber conduction velocity, as occurred during exposure 
to 4AP, carbofuran, chloroform, or diazinon, suggests some 
type of direct toxicant action(s) within the worm's central 
nervous system. Specific mechanisms by which an effect, such 
as conduction velocity decrease, could occur in giant fibers 
of oligochaetes, such as earthworms, have been recently 
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proposed by Drewes and Lingamneni (1992). Some of these 
include: (1) changes in giant fiber membrane conductance at 
sites of synaptic input and output, (2) changes in the 
biophysical properties of giant fibers at sites of spike 
electrogenesis, and (3) increasing the resistance at gap 
junctional partitions within the giant fibers. Since giant 
fiber pathways in Lj. varieaatus are fundamentally similar in 
design to those of earthworms (Zoran and Drewes 1987; Drewes 
and Brinkhurst 1990), it seems reasonable that any of these 
previously proposed mechanisms could also underly toxicant- 
induced reductions in conduction velocity in L_s_ varieqatus ♦ 
The behavioral effects resulting from 4AP exposure in L. 
varieqatus included whole-body longitudinal twitching, 
apparently triggered by spontaneous, high-freguency trains of 
MGF spikes. These effects appear comparable to those 
accompanying oral 4AP exposure in birds and mammals. 
Behavioral symptoms in these animals included 
hyperexcitability followed by muscle incoordination and 
convulsions (for review, see Schafer et al. 1973). Such 
effects are probably related to some of the known mechanisms 
of 4AP action, which include: (1) enhancement of 
neurotransmitter release at the neuromuscular junction and 
other synapses (Spyker et al. 1980), (2) blocking potassium 
ion currents during neuron action potentials thus preventing 
complete repolarization (Schauf et al. 1976; Yeh et al. 1976), 
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and (3) spontaneous firing of neuron action potentials (Yeh et 
al. 1976). 
Effects of 4AP on MGF velocity were different in 
comparison to effects of other selected chemicals because the 
initial decrease in velocity immediately after treatment was 
followed by a partial recovery and a second, more protracted 
decrease in velocity (Fig. 4). We speculate that this initial 
effect may reflect a direct action of 4AP on giant fibers 
while the second decrease may reflect indirect or secondary 
actions. 
Treatment with CdCl2 resulted in hyposensitivity to 
touch. Since there was no associated effect on MGF conduction 
velocity, and normally conducting MGF spikes could be evoked 
with direct electrical stimulation (Fig. 6), mechanisms of 
CdCl2 action likely involve sensory pathways, afferent to the 
MGF. These effects are consistent with previous studies 
showing that single, subcutaneous injections of CdCl2 in 
rabbits and rats causes lesions in sensory ganglia within four 
days (Gabbiani et al. 1967). 
Effects of carbofuran treatment were unusual because they 
involved a reduction in MGF velocity without other obvious 
neurophysiological effects. Furthermore, unlike the effects 
of other chemicals, worms recovered despite continuous 
exposure (Fig. 7). Since the cause of this recovery was not 
simple depletion of chemical from the solution, it appears 
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simple depletion of chemical from the solution, it appears 
that some mechanism(s) exists in L_j_ varieaatus for reducing 
effects of carbofuran. Possibilities include one or more of 
the following: (1) reduction in uptake-rate through the 
cuticle or body-wall, (2) enhanced excretion, or (3) 
mechanism(s) for biochemical detoxification. Evidence for the 
latter has been obtained in the earthworm, Lumbricus 
terrestris (Nelson et al. 1976; Liimatainen and Hanninen 
1982). 
Treatment with chloroform resulted in rapid onset of 
decreased MGF velocity and hyposensitivity to touch. This 
hyposensitivity differed from that seen in worms treated witn 
CdCl2 in that the ability to evoke MGF spikes via direct 
electrical stimulation was absent at high concentrations (Fig. 
8) or long exposure-times (Fig. 9). The combination of 
decreased MGF velocity and hyposensitivity to touch contrasts 
with decreased MGF velocity and no effect on sensitivity, seen 
with carbofuran exposure, and decreased MGF velocity and a 
hypersensitivity to touch, seen with 4AP exposure. These 
results indicate that toxicant effects on MGF conduction 
velocity, in at least some instances, are independent of touc. 
sensitivity. 
Diazinon treatment resulted in effects somewhat similar 
to those of 4AP. Both chemicals caused decreases in MGF 
velocity and induced spontaneous repetitive spiking. Effects 
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of diazinon, however, did not include rebound spiking, high- 
frequency trains of spikes, or hypersensitivity to touch. 
Since diazinon is a known cholinesterase inhibitor (O'Donoghue 
1985), like carbofuran (Eisler 1985b), it is odd that its 
effects resembled 4AP more than carbofuran. 
In conclusion, this study clearly demonstrates the 
utility of the aquatic oligochaete, L^. varieqatus. in 
detecting and assessing sublethal neurotoxic effects. 
Different chemicals had unique combinations of sublethal 
neurotoxic effects which may reflect different sites of action 
and may prove useful in categorizing effects of additional 
toxicants. The results also underscore the importance of 
selecting multiple testing endpoints and utilizing ranges of 
exposure-times to ensure that ecologically important sublethal 
effects and the time-course of these effects are not 
overlooked. 
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